Preparation of chiral heterocyclic compounds of the thiadiazoline types, starting from natural α,β-unsaturated and bicyclic terpenones is described. Stereochemical assignment of the compounds synthesized was performed by NMR spectroscopy and X-ray analysis.
Resorting to this synthetic methodology, we have described the synthesis of several TSC and TDZ, derived from such aromatic ketones as diarylketones, indanones and tetralone. 3 Many of these ketones are prochiral and, as it is obvious given the working conditions, the corresponding TDZ were formed as a racemic mixture. Pursuing our investigation in the area, diverse homochiral TDZ were synthesized, applying the methodology of heterocyclization of TSC under acylation conditions. Likewise, TSC were derived from natural terpenones (mentone, fenchone and camphor). 4 Configuration assignment of the new chiral center (C-2 of the heterocycle) was carried out by NMR experiments (2D-NOESY) and in the special case of fenchone by X-ray crystallography. Two possible mechanisms 5 have been proposed for the this heterocyclization reaction, as shown in Scheme 2. Both pathways (A and B) imply an intramolecular nucleophilic attack of the sulphur atom on the C-N-N-CS carbon atom in the intermediate (A´ or B´). In the literature 5 it is suggested that such an attack takes place from the more shielded face of the molecule, in such a way as to force the N-Ac group (bulkier than the sulphur atom) to occupy the less shielded face. This type of behavior has been clearly observed in the preparation of the TDZ derivative from some terpenones: mentone, fenchone and camphor. 4 In the present work, these studies of heterocyclization were extended to other TSC derived from other natural terpenones. The aim was to evaluate the presence of an exo and endo conjugated double bond with the imino group, as well as terpenone topography in the stereoselection observed in the end product (TDZ).
Results and Discussion
Ketones used as starting material were pulegone 1, verbenone 2, verbanone 3 and thujone 4.
The preparation of the TSC derivative from pulegone 1 and verbenone 2 had been previously described 6 under the same conditions employed to obtain other TSC starting from saturated terpenones. When attempting the heterocyclization of these unsaturated TSC, it was observed that the reactions produced a considerable mixture of products. If one keeps in mind that one of the proposed alternative mechanisms (Scheme 2, pathway B) for the heterocyclization reaction involves the formation of a resonant carbocation species, which proved to be allyl in the particular case of the TSC from ketones 1 and 2 (Scheme 2, pathway B), most likely, this carbocation should be responsible for the complex mixture of reaction products through diverse conversions. Nevertheless, although with low yields it was possible to isolate and to characterize one TDZ for the TSC derivated from 1 and 2. The heterocyclization of pulegone TSC (1) in the presence of acetic anhydride and pyridine led to a crude reaction mixture whose 13 C NMR showed the presence of a single spirane carbon atom at δ 82.2 ppm, although numerous C aliphatic atoms were observed, corresponding to a mixture of products. Exhaustive purification of such crude product allowed isolating a pure fraction corresponding to TDZ 5 (yield 55 %). In the case of the TSC derivative from verbenone 2, TDZ 6 was isolated, though with an even lower yield (32 %). NMR experiments (COSY, HMQC and NOESY) allowed assigning the different carbon and hydrogen atoms of 6 unequivocally ( Figure 2 ). The configuration of the new chiral carbon was assigned tentatively, keeping in mind what had already been observed for the other terpenones, that is, the approach of the sulphur atom from the more hindered face in the molecule (gem-dimethyl bridge) that would lead to TDZ 6. In the case of verbenone, besides the effect of the double bond, the existence of the bicyclic bridge with the gem-dimethyl grouping would be expected to influence the course of the reaction, so that it was decided to evaluate the behavior of the dihydro derivative. Accordingly, verbenone (2) was reduced catalytically to verbanone (3) 7 and TSC 7 prepared and treated with acetic anhydride and pyridine 4 to render the corresponding TDZ 8 with very good yield (85 %) and diastereoselectivity. This result would indicate the negative influence of the double bond, more than the steric hindrance of the bicyclic system, in the formation of the heterocycle. In order to assign the configuration of the new chiral center formed in 8, an exhaustive NMR study was carried out, C-H correlation allowed the unequivocal assignment of each C and H atom. In turn, NOESY allowed, tentatively, assignment of the configuration of the new chiral center ( Figure 3 ). The marked deshielding observed in the hydrogen atom (δ 3.36 ppm), in axial position of the six-membered ring, is attributable to the anisotropic effect exerted by the carbonyl group of the acetyl moiety linked to the N-3 atom of the heterocyclic system, which would validate the configuration shown in Figure 3 for the spirane center. This finding reinforces the hypothesis that cyclization occurs from the more hindered face of the molecule (gem-dimethyl bridge). Compound 8 was crystallized and the crystals obtained were amenable to crystallographic determination (Figure 4 ), thus corroborating unequivocally the assignment made by the NMR experiments.
The behavior of the TSC derived from (-)-thujone 9, TSC already described in the literature, 9 was also studied in order to evaluate the steric hindrance of the cyclopropyl group in the cyclization. On the other hand, this study is also interesting because cyclopropanes behave in some respects like double-bond compounds. 8 Cyclization was carried out under the habitual conditions and produced two diastereoisomers, 10 and 11 (tentatively assigned) ( Figure 5 ), in a 3:1 ratio, with a chemical yield lower than the one observed in the case of verbanone-TDZ 8. NOESY experiments confirmed that the diastereoisomers are due to the formation of two distinct configurations in the new chiral center (spirane carbon) and not to the isomerization of the thujone skeleton, although they precluded the unequivocal assignment of the configuration in the new center in each diastereoisomer. Perhaps the lack of a more clearly hindered face in the case of TSC 9 is responsible for the production of the two diastereoisomers.
Finally, and as pointed out in the introduction, we have already described, from camphor 12, through TSC 13, the preparation of the TDZ 14 4 (Scheme 3) and tentatively assigned the Now, the unequivocal assignment of its configuration has been carried out by single crystal X-ray structural determination ( Figure 6 ). Different crystallization experiments, achieved in order to obtain suitable single crystals, have provided two crystal structures of the compound 14. In both polymorphs the molecule shows the same conformation. Moreover, the same hydrogen bonding pattern can be observed in the two crystal phases of 14 yielding infinite chains where each molecule is bonded to two neighbours through CONH...OC hydrogen bonds ( Figure 7 , Table 1 ). All chains are parallel and the two polymorphs arise from two different packings of these chains. 
Conclusions
In the present work, we were able to check the negative influence of the double C=C bond conjugated to the C=N group in the cyclization reaction of TSC, derived from terpenones 1 and 2.
We also found new examples, in addition to those previously described, 4 where we verified the influence of the steric hindrance present in TSC concerning the favored face for TDZ ring closure. In such a sense, we contribute with crystallographic data of two TDZ, 8 and 14, clearly depicting such a situation and reinforcing, even further, our hypothesis regarding the influence of steric hindrance on the diastereoselection found, since again the previous configuration assignment by NMR is corroborated in that the sulphur atom leads to ring closure by attacking from the more hindered face of the molecule. In cases where the starting chiral TSC fails to show a clearly favored attack face, as in TSC thujone 9 cyclization, a mixture of TDZ, 10 and 11, diastereoisomers is obtained.
Experimental Section
General Procedures. Melting points were measured on an Unimelt or and on an Electrothermal IA 9000 apparatus and are uncorrected. IR spectra were recorded as a film with a Spectrum one FT-IR spectrometer Perkin Elmer.
1 H and 13 C NMR spectra and heteronuclear correlation spectroscopy and NOE experiments were recorded on a Bruker 400-MHz, or in a Bruker 300-MHz spectrometer in CDCl 3 solutions. Chemical shifts are expressed in ppm (relative to the solvent). High resolution mass spectra (HRMS) were determined in a VG AutoSPec (Micromass Inst.). Thin layer chromatography (tlc) and preparative thin layer chromatography (p-tlc) were performed on Silica Gel GF 254 (Merck); the optical rotations were determined, in solution of chloroform at 20ºC and 589 nm, with a Perkin Elmer 141 polarimeter.
Verbanone thiosemicarbazone (7). Title compound was prepared from the equimolecular quantity of (-)-verbanone 7 
